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Abstract 
The success of implementing alternative fuels for road transport depends on their cost, performance and reliability. This paper focuses on the 
use of natural gas and LPG, hydrogen and biofuels in Europe. A brief presentation is given of their technical development status, their market 
potential, and barriers to their implementation in various market segments. Some market barriers are common to many new technologies, and can 
be overcome through adequate policy measures at European level. Generally, a combination of policies is required, and a number of supporting 
measures increase their effectiveness. The following policies affecting energy use in transport are discussed: market incentives, policies targeting 
technology and vehicle efficiency, and overall system improvement. 
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1. Introduction 
Security of energy supply, environmental sustainability and 
competitiveness are three main objectives of the European 
Union (EU) Energy policy [1,2]. To reconcile these highly in-
terrelated objectives, integrated strategies are needed to invest 
in cleaner and more sustainable energy. These require strong 
support and guidance from the EU and national governments 
to take advantage of the synergies and deal with the inevitable 
trade-offs between the aforementioned objectives [3]. 
Transport has become the largest consumer of energy at the 
EU level, accounting for over 30% or final energy consump-
tion in the EU-25 [3]. The share of this energy imported 
from third countries is increasing; with continuation of the 
current trends, by 2030 the EU will be dependent on imports 
for 90% of its oil requirements and 80% for gas [2]. Given 
the recent steep increases in oil and gas prices, along with 
the risk of potential disruptions due to the geopolitical instabil-
ity of some major exporting countries, this oil dependence 
constitutes a threat for the Eus' competitiveness. 
Recent decades have witnessed an increased concern of the 
environmental effects of transport, reflected in an upsurge of 
policy instruments to handle these negative environmental 
external effects and to monitor their evolution, with mecha-
nisms such as the TERM Reports [4]. It appears that despite 
the important efforts devoted to environmental abatement 
policies, the increased transport demand is outstripping the 
rate of improvement in environmental technology for transport 
[5]. The result is a significant increase in Green House Gas 
(GHG) emissions from transport, while emissions from energy 
production, services and industry sectors all decreased in the 
same period [3]. This trend threatens European progress 
towards its international commitments, such as the Kyoto tar-
gets and the proposals by the EU Council for further emission 
reductions for developed countries beyond the Kyoto Protocol 
period (2008-2012) [6]. 
Although energy-related emissions from the transport 
sector have decreased steadily since 1990 [3], largely due to 
increasingly strict emission standards for different transport 
modes and fuel switching, further emission reductions are re-
quired. The proposed Thematic Strategy on Air Pollution 
(2005) recognises that the air quality in mega cities does not 
yet meet the limit values set by European regulation and still 
has a major negative impact on human health [4]. 
These issues are strong arguments to enhance the use of 
cleaner and energy effective technologies and alternative fuels. 
However, when the life cycle assessment (LCA) thinking is 
taken into account, important trade-offs between emissions, 
costs and energy efficiency of the different technologies and 
alternative fuels appear [7,8]. Moreover, some technologies 
may have opposite effects on different environmental issues 
[9]. A technical assessment of possible synergies and trade-
offs would draw a more realistic picture and may therefore 
constitute a valuable tool and to support decision-makers [10]. 
The market penetrations of new technologies and fuels have 
to tackle serious economic, technological and institutional 
barriers [11,12]. A clear government leadership is needed to 
promote the implementation of these innovations, including 
public policy and collaboration with the private sector, so 
that energy-efficient solutions become financially attractive 
both for enterprises and consumers [13]. 
The potential benefits of introduction of new technologies 
in transport are significant. The EU could achieve a 20% re-
duction of its energy consumption compared to the projections 
for 2020 on a cost-effective basis if today's most advanced 
technologies were fully integrated in the market [2]. In this 
line, recent decades have witnessed the upsurge of a wide va-
riety of policy options to overcome barriers for the market 
penetration of transport-related technology developments 
[14]. However, the assessment of their effectiveness on final 
energy consumption constitutes an underdeveloped field for 
researchers [15]. Models aimed at simulating policies and 
measures could then be translated into policy recommenda-
tions for decision-makers [16]. 
This paper investigates existing barriers for the implemen-
tation of alternative fuels in the transport sector in Europe, and 
existing policy measures to overcome these barriers. First, an 
analytical framework of political, socio-economic and techno-
logical environments affecting energy use in the transport 
system is presented. Then leading developments concerning 
the use of alternative fuels in transport are discussed, along 
with their market position, their future potential and barriers 
to implementation. The following section discusses European 
policy options to overcome these barriers. 
2. Political, socio-economic and technological 
environments affecting the use of energy 
in the transport sector 
In order to understand barriers to the implementation of al-
ternative fuels in the transport sector and policies to overcome 
these barriers, the relationship between different environments 
affecting energy use in transport is presented (Fig. 1). Energy 
use in transport is examined as a separate system, interactions 
with other energy using systems are not considered. 
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Fig. 1. Conceptual approach and relationships between the different drivers 
affecting energy use. 
The primary drivers of the system are presented at the left 
side of the diagram. Energy supply, defined as the world-level 
existence of energy resources in varied forms, in sufficient 
quantities, and at reasonable prices, affects energy use in trans-
port through the political, socio-economic and technological 
environment. These environments affect transport activity 
directly, and indirectly, through complex interactions between 
spatial development and transport activity; and through their 
impact on energy availability for transport activities. 
Energy use in transport also indirectly affects the energy 
supply and the political, socio-economic and technological 
environment, i.e. the increase in transport demand may in 
the future threaten the security of energy supply and affect 
international fossil fuel prices, even more with the impending 
increase of energy demand in highly populated countries, such 
as China and India. 
The political, socio-economic and technological environ-
ment affects the volume of transport activity, measured in 
terms of passenger-km (pass-km) and tons-km (t-km) for 
each mode of transport. For example in Europe, last decades' 
changes in the 'political environment' with the completion of 
the internal market reduced the existing barriers in national 
borders and resulted in increased freight transport, as compa-
nies exploited the competitive advantage of different regions 
[3]. The changed 'socio-economic environment', e.g. the ris-
ing personal income in new Member States, created a greater 
demand for travel and private cars. 
Currently transport demand is highly coupled with eco-
nomic growth, and most authors agree that an efficient trans-
port system is a prerequisite for economic development 
[17,18]. The challenge for policy-makers is to decouple trans-
port demand from economic growth, i.e. to achieve high levels 
of economic development without increasing transport de-
mand [19]. 
The relation between transport and spatial development is 
well documented in the scientific literature [20—22]. In sum-
mary, it is the spatial separation between economic activities 
(e.g. housing, employment, industry, and recreation) which 
brings the necessity of an efficient transport system to access 
the desired destinations (e.g. the working place) from a given 
origin (e.g. the residence). But the opposite also holds: the 
quality of the transport system plays an important role in the 
resulting spatial development patterns (e.g. you may choose 
your residence because of a good public transport provision). 
Therefore, combined land use and transport strategies are 
called for in more sustainable spatial development patterns 
and transport systems. 
We refer here to energy availability not as the existence of 
primary energy resources, but as the possibilities for use in 
different segments of the transport sector. 
Once the transport activity is fixed, it is possible to deter-
mine energy efficiency — defined as the unit consumption 
per unit of activity [5] — which determines the final energy 
use (or energy consumption) of the transport sector. 
Finally, the implementation of alternative fuels for transport 
is strongly related to the technological environment. Improve-
ments in ordinary combustion engines (petrol and diesel) are 
being constantly introduced in new models and enhanced ver-
sions of current models. These developments had a significant 
influence on energy use during the last years. 
Policies aimed at overcoming barriers to the implementa-
tion can be directed towards the different drivers affecting 
the energy use in transport. Here, we focus on policy measures 
to overcome barriers to the implementation of alternative fuels 
for road transport, given a fixed transport activity. This means 
that measures targeted to affect the transport activity are not 
further discussed. 
3. Leading developments in the use of alternative 
fuels for transport 
3.1. Natural gas and LPG 
3.1.1. Current status 
3.1.1.1. Natural gas. Natural gas basically consists of meth-
ane, and it therefore provides a genuine energy alternative. 
Natural gas can be used in engines in a liquefied form or as 
a compressed gas. Gas has a calorific value similar to that of 
diesel but due to its lower energy density it needs to be stored 
in pressured tanks. In order to give the vehicles a running 
autonomy similar to that of conventional vehicles the storage 
capacity must be enlarged. The gas tanks are also heavier. 
The body of the vehicle has to be reinforced since the tanks 
are usually located on the roof. 
3.1.1.2. Liquified petroleum gas (LPG). LPG engines have 
developed alongside petrol engines on which they are based. 
In future years there will be a technological potential for de-
veloping new LPG injection equipment which will make the 
use of LPG more attractive. 
3.1.2. Market position and future potential 
3.1.2.1. Natural gas. Widespread use of natural gas as a trans-
port fuel will require easy access to the fuel from a large 
number of suitable filling stations of a similar nature to the 
current network that would allow rapid refuelling. Currently, 
certified gas compression units, storage and filling systems 
are available to meet the necessary criteria for safe and emis-
sion-free vehicle refuelling. Suitable gas storage facilities are 
also available. 
A range of existing conventional engines can be converted 
to run on natural gas. Compared with conventional vehicles, 
vehicles running on natural gas are characterised by the engine 
settings and the presence of larger volume storage tanks. 
Engines designed specifically for natural gas are available as 
prototypes. Programmes to demonstrate the reliability of these 
systems are currently in progress. Until this process is com-
plete and the demand for dedicated natural gas vehicles 
increases, the costs of such vehicles will remain high. 
There are two important market strategies for the use of 
natural gas, based on two refuelling stations options. The first 
consists of vehicle fleets with either a central base containing 
its own gas filling station or with negotiated access to a local 
commercially run gas filling station such as transport compa-
nies, postal services, urban goods distribution firms, taxis and 
communal business services, etc. The second consists of con-
ventional fuel supply stations open to the public, which add 
gas to their supply. 
3.1.2.2. Liquefied petroleum gas (LPG). The potential for LPG 
use is limited by the availability of LPG in refineries (only 5% 
of crude oil input). Pilot demonstration projects are being 
implemented in several cities throughout Europe. Leading 
LPG engine companies are continuously carrying out R&D 
activities concerning LPG engines. 
3.1.3. Barriers to implementation 
3.1.3.1. Natural gas. Financial barriers are a problem to de-
ployment, especially in those countries at the very start in 
terms of infrastructure development. The capital cost of the 
gas powered vehicles tends to be higher than the alternatives, 
and prospective users of gas powered vehicles will only use 
such vehicles if the overall lifetime cost is less than the alter-
natives. This additional cost of the vehicle compared to a con-
ventional would be eliminated if vehicles were mass-produced. 
However, in the current market, the development of a gas pow-
ered engine from a new fundamental concept is risky, as there 
is no guarantee for sufficient demand at the end of the devel-
opment phase. 
Likewise, the cost of implementing a widespread infrastruc-
ture of filling stations would be significant, and would need to 
be reflected in the price of the gas supplied. Companies are 
reluctant to invest on a large scale unless they are forced to, 
either by government legislation or by consumer pressures. 
Depending on different countries, this means: subsidies for 
domestic programmes, gas utilities being responsible for refu-
elling stations and providing competitive gas prices, vehicle 
makers providing facilities for purchasing gas vehicles. 
The lack of specific legislation and safety certification pro-
vides nowadays a major barrier to the introduction of gas and 
LPG as commonly used automotive fuels. There is no legisla-
tion to regulate the use of natural gas in vehicles. In some 
countries there is still no commercial price for the use of 
gas as a transport fuel. Depending on the degree of introduc-
tion of gas as a transport fuel, each country has prepared 
guides and standards for use. The lack of common standards 
for LPG is an important inter-operability barrier, as vehicles 
would need to be readjusted for each different formulation 
of the fuel. Also, the prospect of large fluctuations in the 
cost of gas as a result of changing government policy or 
restrictions of future supply is seen as a potential disincentive 
by users. 
Another feature of the market, which has a considerable 
effect on the implementation of gas as a transport fuel, is 
the fact that gas companies throughout Europe are not unani-
mous over how gas supply should be organised in terms of 
supplying it in compressed or uncompressed form. 
The tax applicable to gas used as a fuel in transport is a de-
cisive factor in deciding on the financial viability of this tech-
nology. Incentives of a fiscal nature should be based on the 
environmental improvement brought about by gas compared 
with the use of other fuels. The European Commission has 
proposed that the tax applicable to alternative energies should 
not exceed 10% of the amount of the tax applicable to fossil 
fuels. Given the loss of income that this would involve, gov-
ernments have treated this proposal with caution. 
3.1.3.2. LPG. In many European countries, there is a lack of 
technical information on LPG. The LPG wholesalers do not 
dare to have a strong marketing policy: they fear that this 
will attract government attention on this marginal fuel and 
that an LPG fuel tax will then materialise. The present infra-
structure is also too old to support a sudden strong increase 
in demand. Therefore, a first step would be to have a govern-
ment declaration certifying the prices of LPG and of the tax on 
LPG cars as fixed for the next years. This would give security 
to LPG wholesalers to start investing when the market begins 
to expand. 
Since LPG is heavier than air, its use is subjected to certain 
restrictions in various countries. Workshops must be adapted 
for these vehicles and equipped with a fireproof electrical sys-
tem, drainage U-traps and special gas detectors and ventilation 
systems, all adapted to the number of vehicles used by the 
workshop. The right safety installations should be made com-
pulsory in vehicles and refilling stations. The indoor parking 
should be adapted with specific ventilation. 
Financial barriers are quite similar to those for the deploy-
ment of natural gas engines. The LPG car is still a gasoline car 
retrofitted for LPG. This creates a supplementary cost. How-
ever, this should not be a fundamental barrier considering 
the lifetime of the car and the fact that the LPG system can 
be taken from one car to the next one. Due to the extra cost 
of LPG equipment there is a need for an adequate financial 
regime for road taxation and for excise duty. Otherwise the 
turning point for the decision to use LPG will be too high. 
The supplementary tax for LPG cars compensates the advan-
tage coming from the price of LPG itself for cars running 
less than about 15,000 km/year, when compared to a gasoline 
car. 
The supply and distribution systems that are required for 
this alternative fuel could provide a significant barrier to its 
deployment. However, this barrier is tempered by the fact 
that the existing players in the market — notably the major 
oil companies — would also be significant players in the 
LPG market (as it has similar origins to more traditional 
fuels). An LPG station is hardly different from a petrol station. 
The actual distribution network could not cope with a mass 
increase of LPG vehicles. The rise of the market must be 
progressive in order to avoid bottlenecks, but strong enough 
to give the signal of needed investment to distribution 
companies. 
It is unlikely that gas powered vehicles will take a signifi-
cant proportion of the private vehicle market, due to the low 
number of public gas filling stations. However, the market 
for fleet vehicles, especially those based in urban areas with 
a regular base is likely to be a suitable target, since vehicle 
autonomy is limited. The vehicles that are most likely to be 
converted to gas power (buses and urban delivery vehicles) 
tend to have a relatively long service life. Therefore long-
term uncertainty over gas prices and supply is likely to 
discourage the use of the technology. Additionally, the long 
vehicle life means that even if all vehicles due for replacement 
were replaced with gas powered vehicles, it would take a sig-
nificant time before the fleet became 100% gas powered. 
It is unlikely that LPG vehicles will take a significant pro-
portion of the private vehicle market, due to both the low num-
ber of public gas filling stations and the overall limitation on 
LPG availability in the longer term. However, the market for 
fleet vehicles, especially those based in urban areas with a reg-
ular base, is likely to be a suitable target. 
The fact that a car buyer must first choose between gasoline 
and diesel and then decide to install LPG (and pay a supple-
ment for installation and for tax) is a clear barrier for private 
vehicles. 
3.2. Hydrogen 
3.2.1. Current status 
Hydrogen is an energy carrier that needs to be derived from 
other fuel sources. To reduce dependence on 'foreign' fuel 
sources, countries search economical and efficient ways to 
derive hydrogen from their domestic new clean resources 
[13]. Hydrogen can be produced from a variety of sources, 
such as biomass, natural gas, water, waste, solar photovoltaic, 
etc. 'Green' resources can be used to produce electricity from 
which hydrogen can be obtained through the electrolysis 
process. In transport, this process occurs in fuel cell engines. 
Costs are declining, even more with initiatives such as the 
integration of hydrogen systems for stationary power supply 
[23]. Vehicle fuelling goes very well together with the man-
agement of surplus electricity production from fluctuating 
renewable resources such as wind power and combined heat 
and power productions [24]. 
Although the fuel cell technique has been known for more 
than 150 years now, the application to transport is still in a de-
veloping stage. Fuel cells are usually classified by their elec-
trolyte. The main types and their potential applications are 
shown in Table 1. 
Of all the fuel cell types it is Polymer Electrolyte Mem-
brane Fuel Cell technique which has the biggest potential 
for cost reduction. So far test applications in cars proved 
good acceleration performance up to 90 km/h and a maximum 
speed of 110 km/h. The range is 250 km. As a long-term 
option, possibilities for cost reduction are considered in the re-
duction of catalysts load, reduction of CO sensitivity, simpler 
systems, which do not require pressurised operation. System 
development also has to consider environmental issues, such 
as performance during vibration, or operation and parking at 
outdoor temperatures between —30 °C and +40 °C. 
Another big research field is the development of direct 
Methanol Fuel Cells. This concept uses methanol as a fuel 
and does not need a pre-reformer. The stacks can be cheaply 
mass-produced and the use of methanol assures simple storage 
and distribution of the fuel. Major technical problems still 
exist. The necessary research and development will postpone 
a possible introduction for a longer period than for the other 
fuel cell types. 
3.2.2. Market position and future potential 
The use of hydrogen is a typical example of 'Social Con-
structionism', that is a socio-cultural revolution taking place 
without a strong political agenda [25]. The hydrogen economy 
is a movement supported by science and technology, and with 
strong public awareness, but not affecting the political prefer-
ences [13]. 
Short to medium term development of any hydrogen-based 
transportation will likely depend on natural gas reformation 
(from natural gas), which is seen as the cheapest and quickest 
route to hydrogen, although this does not solve the fundamen-
tal problem of the heavy reliance on fossil fuels. Also, the 
environmental benefits of fuel cell vehicles using hydrogen 
from gas are not promising. Estimates by the Joint Research 
Centre (2004) state that the 'well-to-wheeF carbon emissions 
of a fuel cell vehicle using locally reformed hydrogen in 2010 
might be approximately 80—85 g/km. In contrast, the figure 
for a diesel hybrid will be approximately 100 g/km, which 
in turn represents a much more promising technological 
option, right from today. 
Table 1 
Main types of fuel cells and their applications 
Fuel cell Applications 
Solid oxide fuel cell 
Polymer electrolyte membrane fuel 
cell or solid polymer fuel cell 
Alkaline fuel cell 
Molten carbonate fuel cell 
Phosphoric acid fuel cell 
Combined heat and power, 
power generation 
Transport, combined heat and 
power, distributed power generation 
Space, transport 
Power generation, combined 
heat and power 
Combined heat and power, 
power generation 
The transition to mass market hydrogen vehicles will only 
be possible with a fully developed hydrogen infrastructure. 
This is a commonly acknowledged obstacle and therefore hy-
drogen taken from natural gas seems likely to provide a step 
on the route to an acceptable transition to hydrogen vehicles. 
But the practical feasibility of this option will also depend 
on factors other than environmental ones. Indeed, since green-
house gas emissions of fuel cell vehicles using hydrogen from 
gas are broadly similar to those of diesel hybrids, the "cost" 
element will play a crucial role against fuel cells and strongly 
in favour of high-tech hybrids, at a fraction of the cost of fuel 
cell already today. 
3.2.3. Barriers to implementation 
There are five main issues that are critical for the introduc-
tion of hydrogen in transport [26]: 
(1) The cost of fuel cell vehicles and the cost of hydrogen as 
a fuel are expected to continue to fall in the future as a re-
sult of the constant improvement of technologies. A cru-
cial condition for the reduction of costs is the realization 
of economies of scale in both vehicle and fuel productions. 
The relative cost of hydrogen compared to conventional or 
other fuels is the main factor from the economic point of 
view. The boundary conditions for which hydrogen would 
have an advantage correspond to the case of high oil prices 
combined with either low natural gas prices or low elec-
tricity prices. 
(2) The performance of fuel cell or hydrogen-based vehicles 
can potentially match with that of conventional technolo-
gies. Fuel cells even offer some advantages in auxiliary 
power units and some niche markets. But — everything 
else being equal — hydrogen-based technologies do not 
still offer enough advantages to shift user choices. It is 
obvious that in order to be competitive, they have to pro-
vide comparable performance at comparable cost, with 
accessible and reliable infrastructure. Otherwise, only 
a strong shift in user choices towards clean technologies 
would justify the substitution of the proven conventional 
technologies. 
(3) Distribution and storage raise important challenges. The 
development of a wide network of refuelling stations is 
a major prerequisite, but would need a critical mass of 
demand before it takes off. In this context, it is indispens-
able that the cost of hydrogen distribution is kept low and 
that its introduction is massive, so that the investment 
costs are justified. Economically, this challenge is not 
as big as it might appear. In the EU, approximately 
100,000 refuelling stations supply fuels to road transport. 
About 20% of these should be equipped with hydrogen 
dispensers before fuel cell vehicles are brought to the 
mass market. Assuming investment costs of 1.3 million 
Euros per station a basic refuelling infrastructure sums 
up to 26 billion Euros. 
(4) Significant environmental benefits may occur, depending 
on the primary energy used for hydrogen production. 
Electrolysis-based solutions would only be beneficial for 
the environment as long as the electricity used for the elec-
trolysis is produced from carbon-free fuels. Solutions 
based on reformation of fossil fuels would be neutral from 
the environmental point of view. The introduction of hydro-
gen in transport would therefore be feasible only in the case 
of low-cost renewables in electricity generation or in the 
case of high-performance fuel cells with low prices of nat-
ural gas or biofuels. Only stringent environmental legisla-
tion world-wide would increase the options for fuel cells, 
local restrictions will not open the market. 
(5) The commitment of the industry could be influenced by 
policy. The key industrial stakeholders (car manufacturers, 
refineries and fuel providers, infrastructure providers, and 
fleet managers) will invest in a new technology only if the 
future market prospects are clear. The role of policy-
makers should therefore be that of decreasing uncertainty 
through suitable and timely policy measures, legislation 
and standards. Legislation could also influence user 
choices, by promoting the use of hydrogen, penalising 
CO2 emissions, or by limiting the use of conventional 
technologies in certain areas. 
The year 2020 seems to be too early for a wide scale intro-
duction of hydrogen or fuel cells; it is questionable whether 
even year 2030 is a feasible time horizon. But it is also clear 
that even if the goal is the shift to hydrogen after year 2030, 
the preparation needs to start already. 
3.3. Biofuels 
3.3.1. Current status 
Biofuels are liquid fuels produced from biomass feedstock 
via a number of chemical processes. The two biofuels that 
have advanced the most are biodiesel (produced from vegeta-
ble oil) and bioethanol and its derivative ethyl tertiary butyl 
ether (ETBE) (produced from plant sugars). Other liquid 
biofuels have been researched but have not gained the com-
mercial potential and market share. 
A Life Cycle Analysis (LCA) of biodiesel compared to 
petroleum diesel shows that the advantages of biodiesel concen-
trate on the energy balance and greenhouse gas control. How-
ever, the weaknesses or areas of concern are the higher NOx 
and Total Hydrocarbon (THC) emissions, which are subject/ 
opportunities for further research [27]. 
Biodiesel can be operated in any diesel engine with little 
or no modification to the engine or the fuel system. The tech-
nologies for the production of these liquid biofuels are well-
understood chemical processes using proven techniques. 
Typical feedstocks for these fuels are mainstream agricultural 
crops. The conversion technology in itself is low risk because 
it is well proven. The development of the liquid biofuel industry 
was quite quick because of this, but major reductions in the cost 
of biofuel production have not occurred because of the rela-
tively high feedstock costs. 
Most countries have tailored standard practices to their own 
situation. This has largely depended on the different feedstocks 
and the final application of the biofuel (mainly transport). A 
well-known example is the heavy focus on biofuel production 
in Brazil. Research into the production processes has focused 
on the efficiency of the conversion, and hence reducing the costs 
of production. Investigations in Europe into using lignocellu-
losic material are underway. There are, however, some con-
straints to this, including the high cost of the enzymes and the 
strength of the agricultural sector which continues to campaign 
for the profitable industrial use of food crops grown on set-aside 
land. The main scope for innovation is the use of waste cooking 
oil or lignocellulosic material as cheaper feedstock. These will 
help to reduce the costs of fuel production quite considerably 
and help to make it more competitive with fossil fuels. 
3.3.2. Market position and future potential 
The main factors, which have been instrumental in the 
production of biofuels in Europe, are very similar for the rest 
of the world: the need to develop an indigenous transport 
fuel supply because of the dependence on imported fossil fuels, 
and expensive storage of over produced agricultural produce. 
The commercial availability of the fuel will depend on: the 
scale of industrialisation and access to a suitable conversion 
technology, a suitable infrastructure to get the product to the 
consumer and public support for the use of liquid biofuels, par-
ticularly when food crops have been used in their production. 
Europe has taken the lead position in the production of 
biodiesel across the world, with a current production of over 
500,000 tons, and an installed capacity of 1 million tons in 
over 20 production sites, capturing 1% of the diesel market. 
The Directive on the promotion of Biofuels Directive 2003/ 
30 [28] sets an indicative target of replacing 5.75% of petrol 
and diesel consumptions by biofuels for transport purposes. 
There is a very attractive technology potential for both biodie-
sel and bioethanol of 12% of market share by the year 2020, 
which equates to 45 million tons. 
There are a number of key interacting factors which have 
led to the commercial availability of liquid biofuels in some 
European countries and not in others. The reasons are usually 
political, but the source of the 'political will' may vary, for 
example, the widespread introduction of set-aside agricultural 
land. Production of non-food crops, oilseed rape or sunflowers 
for methyl ester production would appear to be an ideal alter-
native. Coupled with the actual or perceived environmental 
benefits of biofuels, there is a very strong agricultural lobby 
for their development and use. In addition, some governments 
have chosen to implement a certain level of tax relief for pilot 
biofuel production plants [29,30]. Clearly, where countries 
have implemented this scheme, there is considerably greater 
incentive to produce the biofuel; without this tax relief, it is 
very difficult to compete. 
The more sophisticated conversion technologies (enzymat-
ically catalysed options) are likely to benefit from further 
R&D to reduce costs. 
3.3.3. Barriers to implementation 
The availability of information to potential investors is mixed 
across Europe. This is largely due to the conflicts surrounding 
the environmental benefits of the fuel. Farmer co-operatives 
and trade associations have tried to promote the exchange of 
information. More co-ordinated information availability is 
likely to facilitate future investments in biofuel technologies. 
The main risk for the deployment of liquid biofuel technol-
ogy across Europe is the uncertainty surrounding feedstock 
availability. The set-aside scheme was hailed as a suitable 
mechanism to promote non-food crop production. If farmers 
were restricted from growing food crops, then the land could 
be suitably used for other applications. However, the great suc-
cess of the set-aside scheme in reducing cereal crop surpluses 
has lead to decreasing percentages of land to take out of food 
production, and has destabilised the non-food crop industry, 
rather than enhancing it. The variable set-aside rate has lead 
to uncertainty in the agricultural sector. Other mainstream 
food crops in many cases provide better returns than oilseed 
rape for industrial purposes on non-set-aside land. This compe-
tition for land use will continue to be a problem, and as such, 
farmers will be reluctant to enter into long-term supply contracts 
for crops whose return may fall in comparison to other crops. 
The main restriction across the EU on the further develop-
ment of the biodiesel industry is the 1993 Blair House agree-
ment which is part of GATT. This agreement imposes a limit 
on the amount of rape meal that could be produced as a by-
product from industrial oilseed crops grown on set-aside 
land across the EU to the equivalent of 1 million tons of soy 
meal per year. This equates to approximately 900,000 ha of 
oilseed production across the EU. 
Another key legislative barrier to fuel use is the lack of a 
common European standard. These standards are a pre-
requisite for the approval of liquid biofuels by engine manufac-
turers and the public, whose confidence in the fuel will be 
undermined without a stamp of quality. 
The price distortion for liquid biofuels normally works in 
its favour, i.e. the tax relief which enables it to compete 
with fossil fuels. However, the complex nature of the calcula-
tion for crude oil inevitably means that the final price is 
distorted. There are price distortions in the feedstock market 
as well as in the marketplace for fuel. This is particularly 
the case for oilseed rape which has a noticeable price differ-
ence depending upon whether it is sold for the food market 
or for the non-food market. 
4. Policy options to overcome barriers to implementation 
Governments can play an important role in stimulating 
innovation and introductions of new technologies in the trans-
port energy sector [23]. In Europe, significant public sector 
involvement is needed to provide mechanisms for coordinating 
activities efficiently, and to stimulate cross-business and cross-
border co-operation [31]. In the Green Paper on Energy Effi-
ciency [2], National Annual Energy Efficiency Action Plans 
are proposed, to identify measures to be taken at national, 
regional and local levels. This requires a regulatory and eco-
nomic framework that provides long-term price signals (i.e. 
incorporating environmental and other considerations as far 
as is possible) to both energy suppliers and end-users, so 
that they can plan their actions effectively [3]. 
Policies affecting energy use in transport are further classi-
fied as the following: market incentives, policies targeting 
technology and vehicle efficiency, and overall system im-
provement. In general, a combination of policies is required 
[10], and a number of supporting measures, such as public 
education, increase the effectiveness of many political mea-
sures [32]. 
4.1. Market incentives 
4.1.1. Fuel pricing measures 
Fuel pricing measures consist of fiscal incentives to encour-
age the use of certain energy sources and their end-use 
applications. Some policy documents consider taxation as 
the most flexible and effective instrument in the increasingly 
open market for encouraging operators to change their behav-
iour [29]. 
Fuel tax seems to be the only pricing instrument related to 
vehicle usage, which is applied throughout the EU. Road pric-
ing schemes are also related to vehicle usage, but until now 
their application is limited to motorways in some Member 
States and to very specific road parts in some urban areas. 
Therefore fuel taxes are still seen as the most efficient instru-
ment currently available, not only for internalising social costs 
linked to the use of vehicles, such as infrastructure costs, 
accident costs and air pollution costs, but also to promote 
cleaner fuels and alternative energy sources in transportation. 
Notwithstanding, some studies have shown that despite the 
fact that fuel demand is quite elastic, making fuel taxation 
the best way to reduce fuel use, it seems almost impossible 
to do so, particularly in those countries with low prices and 
high demand [33]. There are indeed great difficulties in raising 
fuel taxes. One of the reasons for the difficulties is that polit-
ical pressure influences the decisions regarding taxation of fuel 
consumption. Not only low taxes and thus low prices encour-
age high consumption, but high levels of consumption also 
lead to considerable pressure against raising the taxes. 
Given the price inelasticity of transport energy demand, the 
level of taxation has to be high and persistent to ensure a coher-
ent price signal. Fiscal measures are preferably implemented 
through simple, administratively inexpensive, possibly pro-
gressive, methods, accessible to all parties concerned. The level 
of effectiveness of fuel pricing measures also depends on many 
country-specific characteristics. In countries with low taxation 
high fuel taxes may support technical progress [31]. 
In the EU Member States, the tax on energy products varies 
per product and per Member State, as well as the share of total 
tax revenues from transport and energy sectors. Currently, coal 
and natural gas are generally the least taxed and oil the most 
heavily taxed energy products. Coal benefits from State aid 
in the coal-producing countries. Although it is perfectly logi-
cal to relieve coal of any tax burden while it is receiving 
substantial State aid, the result is to promote imported coal 
to the detriment of alternative but more heavily taxed energy 
sources such as natural gas and oil. Although natural gas is 
generally more heavily taxed the rates are in general still 
low. Renewable energy sources currently benefit from tax 
exemptions or reductions, but not equally across Member 
States. Some energy production from renewable sources is al-
ready exempt from all taxes, such as solar heat and power for 
domestic use. 
The causes of the existing different levels of taxation 
between Member States are very complex. They point to tax 
approaches accentuating either a main objective of generating 
budget revenue, economic policies to develop sectoral compet-
itive advantages or even environmental, social and regional 
considerations. Besides the product/end-use differentiation, 
Member States use widely diverging methods for the definition 
of the tax rate and for allowing exemptions and tax refunds. 
Some Member States also provide subsidies, such as for 
coal production. Tax exemptions and refund arrangements 
complicate the situation further. 
There is nonetheless one constant: most of the revenue 
drawn from energy taxation is from mineral oils. A general 
observation across Member States is that domestic and trans-
port use of energy is more heavily taxed than industrial use. 
Another general observation is that mineral oils for automotive 
use are more heavily taxed than for other use. 
This lack of harmonisation in the European Union sends an 
inconsistent message conflicting with the security of supply 
objectives, and can also lead to excess tax competition. A 
Member State wishing to introduce a tax on an energy product 
could be prevented from doing so if this product is not taxed in 
a comparable way in a neighbouring country, for fear of deloc-
alising some of its economic activities. Member States thus 
lose some of their decision-making independence on tax 
matters. Generally, the lack of Community energy taxation 
structures affects the unity of the internal market and the 
liberalisation of gas and electricity markets could even come 
under threat. It also reduces Member States' scope for carrying 
out the necessary tax reforms. Similarly, it is incompatible 
with certain policies with which it interacts, including with 
security of supply. 
A Community energy tax framework can be a very efficient 
tool [1]. Community regulations have numerous advantages 
over laws adopted in a national context, particularly in terms 
of the functioning of the internal market and harmonisation 
of competition within the EU. The Community is the optimum 
level at which to set the main guidelines for energy, transport 
and environmental tax policy. The Community is also the right 
framework, in that problems of actually implementing certain 
aspects of energy or environmental protection policy are 
linked to State aid rules. Upward harmonisation of tax rates 
between Member States is therefore unavoidable. The fiscal 
instrument should aim to eliminate national distortions and 
distortions between energy producers, encourage more energy 
saving and lead to the internalisation of damage caused to the 
environment. 
EU fuel taxation is seen today as the best available fiscal 
tool to control the amount of diesel and petrol used, and hence 
energy consumption and emissions from the transportation 
sector. The excise duties applicable can be arranged to be 
close to the average value of the external costs, increasing 
the price by the required amount to correct for level of use. 
Fuel taxes may be differentiated endorsing targets such as pro-
motion of 'cleaner' fuels (unleaded petrol) or low-sulphur 
diesel, biofuels, natural gas (at present). The aim is to comply 
with the stringent EU standards, helping to reduce NOx, 
PM10, and CO2, although sometimes at the expense of extra 
production costs and refinery emissions (for oil based im-
proved/de-sulphurised fuels). Fuel tax is indeed the only pric-
ing instrument used throughout the EU that is related to 
vehicle usage. Road pricing schemes are also related to vehicle 
usage, but to date their application is limited to motorways in 
some Member States and to very specific road cordons in some 
urban areas. Therefore fuel taxes are seen to be the most 
efficient instrument currently available, not only for internalis-
ing social costs linked to the use of vehicles, such as infra-
structure costs, accident costs and air pollution costs, but 
also to promote cleaner fuels and alternative energy sources 
in transportation. 
Since the early 1990s the use of taxes to achieve environ-
mental goals by means of 'green taxes', CO2 tax, vehicle 
taxes, tax incentives, has been at the centre of discussions. 
In May 2001, the European Commission presented a compre-
hensive strategy for the EU's future taxation policy and a com-
mon framework including differentiated rates according to 
environmental objectives was finally set up by the EC in the 
Energy Products Directive 2003/96/EC that came into force 
at the beginning of 2004, restructuring the Community frame-
work for the taxation of energy products and electricity. 
This EC Directive that came into force on 1st January 2004 
widened the coverage of the Community framework, previ-
ously limited to mineral oils, to all energy products including 
coal, natural gas and electricity and increases the relevant Com-
munity minimum rates of taxation. The objective was to reduce 
distortions of competition acknowledged between Member 
States as a result of divergent rates of tax, i.e. reduce distortions 
of competition between mineral oils and the other energy prod-
ucts not previously subjected to Community tax. The Directive 
defines exemption regimes, according to a number of principles 
that include LPG, natural gas and methane in specific applica-
tions such as public transportation, waste-collection, drain 
suction and street-cleaning vehicles, and reduction in the rate 
of excise duty on heavy fuel oil to encourage the use of more 
environmentally friendly fuels. 
A very particular case for biofuels in Europe has further de-
termined the adoption of a formal position of EC Policy by 
means of the Directive 2003/30/EC, envisaging the promotion 
of the use of biofuels for transport purposes, while meeting 
goals related to the Common Agricultural Policy, too. But 
the question of biofuels in transportation tends to divide spe-
cialists. Some believe that biofuels should be promoted, as 
the EC did recently. But for other international institutions, 
like the International Energy Agency (IEA), one should be 
cautious regarding biofuels, raising questions about what can 
actually be done and what is the actual potential for a substitu-
tion to the extent required in the 2020 targets. Some argue that 
this will lead to an industrialised, polluting agriculture and 
insist on the importance of limiting promotion of biofuels to 
products derived from agricultural practices which are less 
environmentally harmful and which require less chemical in-
puts than today's agriculture. Doubts are also expressed about 
the likely costs of biofuels. Some say that they would be more 
cost-effectively used for heating than for transport purposes. 
Others argue that there is a broader range of options available 
to reduce fuel use in transportation and improve efficiency 
than those considered in the Green Paper, such as pricing of 
vehicles and transportation, and tax and technology support 
to increase energy efficiency. It extols that Member States 
must ensure that the minimum share of biofuels sold on their 
markets is at least 5.75% by December 2010. Any Member 
State setting lower objectives will have to justify this on the 
basis of objective criteria. In complement to this specific Di-
rective the previously mentioned Directive 2003/96/EC has 
incorporated in its Article 16 a provision for Member States 
to opt for applying a reduced rate of excise duty to pure or 
blended biofuels, when used either as heating or motor fuel. 
This directive, unique by its clear support to a specific fuel, 
reflects therefore a strong bet from the EU policy in biofuels 
to meet decreased energy reliance on external sources and 
environmental targets. However, it should also be taken into 
account that current policies related to biofuels in many coun-
tries, and particularly in the EU, appear to be driven largely by 
agricultural concerns, as agricultural policy serves multiple 
EU objectives. It is therefore questionable whether a strong bi-
ofuel policy in Europe will effectively be able to serve fully 
the EC transport energy-related targets. 
4.1.2. Tax incentives and credits for efficient technologies 
Giving tax incentives to both companies and consumers to 
reach a sufficient production volume for economies of scale to 
make the cost of a new product competitive is suggested as 
a powerful instrument at the EU level. One example at the 
EU level is the use of public procurement to help kick-start 
new efficient technologies [2]. 
The EC legislation is aimed at contributing towards the 
creation of a market for clean vehicles. The proposal for a Di-
rective COM (2005) 634 requires public bodies to allocate 
a minimum quota of 25% of their annual procurement of 
heavy-duty vehicles requirements to 'enhanced environmen-
tally friendly vehicles' (EEV) (as defined in Directive 2005/ 
55/EC). This new European rule will make it possible to 
give manufacturers the assurances they need in order to de-
velop these vehicles for a larger market. 
Directive 2003/96/EC of 27 October 2003 restructuring the 
Community framework for the taxation of energy products and 
electricity already allows, under certain conditions, differenti-
ated excise duty rates for alternative fuels such as biofuels, 
natural gas, and LPG. Also, the Commission presented a pro-
posal for a Directive (COM (2005) 261 of 5th July 2005) 
requiring taxation of passenger cars to be based at least 
partially on CO2 emissions in order to encourage the purchas-
ing of cleaner and more energy-efficient vehicles. It also in-
cludes an invitation to Member States to apply coordinated 
fiscal incentives for passenger cars fulfilling the so-called 
"Euro" standards on vehicle emissions. 
Tax incentives are considered by international energy orga-
nizations, such as the IEA, as policy measures capable to help 
manufacturers justify mass marketing and offset the relatively 
high first cost premium for these new technologies, thereby 
helping to build sales and market share. In this context, policy 
options, such as performance-based tax incentives and credits 
for advanced technologies, may help to jumpstart the introduc-
tion and purchase of advanced vehicles. Other possibilities in-
clude supporting technology purchase consortia that would 
form groups of buyers large enough to interest manufacturers 
in making the investment to produce the technology. Once the 
new technologies become widely available and produced on 
a significant scale, costs should decline and these incentives 
could be phased out. However, there is a risk of a free-rider 
effect if these direct subsidies are used for investments that 
would have been made anyway [32]. 
There is a wide variety of possible instruments to encourage 
the development of new efficient technologies. Various "incre-
mental" technologies can be applied to conventional vehicles 
at very low or even negative cost, when taking into account 
fuel savings. Tax incentives for hybrid vehicles save energy 
directly and help to establish these innovative products in the 
marketplace. Another example of tax incentives used in several 
countries is the restriction of used car imports by setting a max-
imum allowable age, usually two to four years, mainly for 
safety reasons and emission performance. Tax incentives for 
cars with better emission or efficiency performance could 
speed the stock-turnover process, while high car purchase 
taxes would slow down the stock-turnover rate. 
For freight transport, targeted incentives might also in-
crease the adoption of advanced technologies. These could 
be tax reductions for heavy-duty trucks that have certain 
levels of fuel consumption per unit size or weight, or that 
possess specific technologies meeting strict performance cri-
teria. These incentives could be either tax credits or subsidies 
that would make the vehicles competitive with conventional 
ones. These fees or sales taxes on new heavy-duty vehicles 
could be partly based on unloaded vehicle weight, engine 
efficiency, or tested fuel consumption. Such incentives may 
overcome concerns by truck owners about the reliability of 
new technologies that are not completely proven. 
4.1.3. Vehicle taxation 
Vehicle taxation in the European context has been an 
increasingly discussed subject in the last few years. Despite 
all the convergence treaties, this issue remains an exception. 
There is currently little Community legislation, or harmonisa-
tion of national fiscal provisions, applied by the Member 
States in the area of passenger car taxation. It is for each Mem-
ber State to lay down national provisions for the taxation of 
cars. Hence Member States' taxes on passenger cars are 
much diversified in terms both of their structure and levels. 
They include tax payable at the time of acquisition of the 
car (registration tax), periodic tax payable in connection 
with the ownership of the passenger car (annual road tax), 
taxes on fuel, and other taxes such as VAT, insurance taxes, 
registration fees and road tolls. 
In countries where energy and environmental concerns are 
at the core of the taxation rationale, both acquisition and own-
ership taxes tend to be relatively high. At the other end of the 
spectrum are countries like Portugal or Greece, where taxation 
levels tend to be strongly tied to tax revenue on acquisition. As 
motorization growth rates in these countries are flattening, the 
trend will be to transfer vehicle taxation to ownership, bring-
ing greater stability in terms of tax revenue as well as flexibil-
ity to incorporate energy-related policy criteria, such as energy 
consumption, type of fuel, age, etc. As a tool to condition and 
drive technological choices, combinations of acquisition and 
ownership taxes are likely to have the greatest effect. Denmark 
is a good example of this policy. 
In 2005, the European Commission set up a strategy on the 
taxation of passenger cars in the European Union [35]. Apart 
from concerns on removing tax obstacles and distortions to 
free movement of passenger cars within the Internal Market, 
other targets are the relationship between taxation principles 
and energy/emission related EU policy objectives. Registra-
tion taxes are identified as the biggest problem and therefore 
the Commission recommends their gradual reduction and 
even abolition, to be replaced by annual road taxes and fuel 
taxes (so that the tax burden would remain the same but 
related to the use of a car rather than its acquisition). For 
the existing vehicle taxes, the Commission recommends that 
the taxation of new passenger cars be more directly related 
to their CO2 emissions, urging Member States to take these 
recommendations into account when evaluating and revising 
their national vehicle taxation systems. 
The Commission now recommends that both acquisition or 
registration tax and annual ownership tax should be based pri-
marily on emission factors, recommending the gradual phas-
ing out of registration taxes and the introduction of a new 
tax structure linked to CO2 emissions. It also recommends 
that taxation of the use of company cars should also include 
a clear and strong incentive to use more CO2 efficient cars. 
From the options proposed for the resolution of the gener-
ally identified problems in relation to vehicle taxation, the 
option that received wider consensus from motor industry 
and consumer associations does confirm suggestions to phase 
out registration tax gradually while introducing a new tax 
structure linked to CO2 emissions. 
4.2. Technology and vehicle efficiency 
A number of alternatives for combustion engines are al-
ready on the market, such as natural gas vehicles, hybrids 
and electric vehicles. The implementation of alternative fuels 
strongly depends on the (further) implementation of these 
technologies. Policy measures to overcome barriers to the 
implementation of alternatives to fossil fuels therefore in-
clude measures to stimulate the use of more new vehicle 
technologies. 
4.2.1. Regulatory standards 
Regulatory environmental standards set either technology 
standards or performance standards, enforceable through fines 
and other penalties [36]. There is no general agreement on 
terms by which regulatory standards are classified. They 
may apply to a product, a line of products, or the provision 
of a service. 
Standards may be set up on the basis of energy efficiency 
parameters, technology based, or on the basis of emissions. 
The definition of the standards should tackle the existing 
trade-offs among environmental issues, e.g. fuel standards 
based on emission rates of individual substances may have 
positive implications on air pollution while producing a nega-
tive influence on climate change issues [9]. 
Although all regulatory standards have consequences on 
economic decision-making, they differ from market-based in-
struments, which operate by directly changing relative prices 
rather than by specifying technology or performance out-
comes. The existence of national energy conservation laws is 
a key factor for the establishment of legal framework in which 
these standards should be inserted [32]. 
EU legislation has regulated vehicle emissions through the 
so-called "Euro" standards, with limit values becoming 
tighter over the years. The latest standards implemented are 
Euro 4 standards for passenger cars and light-duty vehicles, 
as from January 2005. A proposal for Euro 5 for passenger 
cars and light-duty vehicles will follow in 2006. Relating to 
heavy-duty vehicles, Euro 4 standards are in force from 
October 2005 and the Euro 5 standards will enter into force 
in 2008. 
One of the first examples of a successful implementation of 
environmental regulations is the case of California [37]. Sim-
ilar regulations are now being adopted in other countries in 
Europe and Asia. The use of energy efficiency standards is 
widespread — they are implemented in over 50 countries — 
and its number is still growing. However, their effectiveness 
is uneven: energy efficiency standards are most effective in 
countries with high and growing consumption and in countries 
in which consumers' energy awareness is low because of his-
torically low energy prices [36]. 
Regulatory standards can be effective policies to address 
market failures and barriers, as they reduce the need for 
information, high transaction costs, and dissemination to, 
consultations with, and training of millions of households, 
car drivers, and small and medium size companies [32]. 
They are also widely used to require actors to account for 
environmental externalities and, if continually modified to 
account for technical progress, they can provide dynamic in-
novation incentives. 
Developing minimum standards (i.e. maximum levels of 
fuel consumption) aimed at improving the worst performers 
in each category might be politically acceptable and offer 
a way to begin setting standards, but may save little fuel. 
Another approach — followed by the Japanese Top Runner 
Programme — is to set fuel efficiency targets and/or goal 
efficiency requirements. In this Programme, the approach 
for light-duty vehicles identifies the most fuel efficient 
models in each vehicle class and requires future models to 
meet a level of fuel consumption close to the current (or 
expected future) best. Top runner improves average fuel 
efficiency both by encouraging improvements from (or elim-
ination of) the worst vehicles, and continuous improvements 
from the best vehicles. A similar approach could be estab-
lished for heavy-duty trucks. 
The development of an effective regulatory standard 
requires national and, potentially, international, leadership to 
balance the interests of manufacturers, consumers, environ-
mental non-government organizations (NGOs), and other 
interest groups, while creating sufficient societal support and 
incentives for successful implementation. While decisions to 
introduce regulatory standards are commonly made by legisla-
tures, the development and implementation of standards over 
time are often left to a less transparent public administration. 
Regulatory standards may also be used to correct barriers 
that arise from information failures and can yield net bene-
fits to society if the costs associated with the regulation are 
less than the losses due to informational barriers. At an 
international level, the International Energy Agency [34] 
recommends the adoption of a more aggressive role in de-
veloping support infrastructure, codes and standards that 
will be critical in speeding the early adoption of advanced 
vehicle technologies as they become ready. Here too, greater 
co-ordination among OECD member governments could 
speed progress. 
4.2.2. Voluntary agreements 
No international definition of a voluntary agreement (VA) is 
universally accepted. Among these, the definition given by the 
Intergovernmental Panel on Climate Change (IPCC) has been 
considered the one that best fits with the purpose of this paper. 
It defines a VA as "an agreement between a government 
authority and one or more private parties, as well as a unilateral 
commitment that is recognized by the public authority, to 
achieve environmental objectives or to improve environmental 
performance beyond compliance" [36]. 
VAs may take a wide variety of different forms. Sometimes 
they involve agreements between the government and a set of 
firms, but in other cases industry associations represent mem-
ber firms. Sometimes the agreement only relates to general 
issues, such as R&D activities, reporting on emissions, or en-
ergy efficiency, but in other cases specific quantified targets, 
such as emissions targets, are agreed upon. A few VAs are 
legally binding once signed, but most are not. 
The most significant example in the EU is the voluntary 
agreement to reduce CO2 emissions (and increase fuel effi-
ciency) of new vehicles by the European Car Manufacturers 
(ACEA), Korea and Japan [3]. 
Although VAs are relatively new environmental policy 
instruments, they are gaining popularity as a tool to cope 
with environmental issues. The fact that in 1996 in the EU 
alone there existed more than 300 VAs, suggests that this 
type of policy measure is administratively and politically fea-
sible, especially if it is used in a policy mix or in new policy 
areas [38]. VAs are political feasible simply because most of 
the industries seem to prefer VAs over other tools. However, 
VAs may not be a satisfactory substitute for mandatory effi-
ciency standards [36]. 
Sometimes the "voluntary" aspect of a VA is questioned, 
as when the main motivation for industries to join the VA 
was to avoid the implementation of a carbon and/or energy 
tax and/or other mandatory policy. Proponents of voluntary ap-
proaches point to the low transaction costs, the merits of the 
consensus elements in the approach, and the advantages of 
leaving the choice of abatement measures to the participants. 
To assess the effectiveness, the trade-off between how am-
bitious the objectives are and how well they are attained 
should be recognized. There is a suspicion that, as most VAs 
are non-binding, they may not attain ambitious goals [38]. 
VA objectives may be less stringent if environmental groups 
are left out off the negotiation process. 
Since VAs are a relatively new policy instrument to cope 
with environmental issues, it is too early to determine their 
effectiveness. Besides, from a methodological perspective, it 
is rather complex to assess the effectiveness of VAs because 
it is difficult to establish a counterfactual. The OECD (1998) 
noted that no empirical evidence is available on the cost-effec-
tiveness of VAs. The CEC (1996), however, argues that the 
flexibility of VAs provides room for industries to find the 
most efficient way to achieve the targets, which could be a ma-
jor advantage. The EEA (1997) concluded, after analyzing six 
case studies of European VAs, that, while there was quantita-
tive evidence for environmental improvement in most case 
studies, more sophisticated analysis would be necessary to dis-
tinguish between the effects of the VAs and those of other fac-
tors [39]. In the same study it was recognized, however, that in 
five of the six cases the interviewed experts felt that VAs in-
curred lower costs than alternative instruments. 
4.3. Overall system improvement 
4.3.1. Informational measures 
Information gaps result in uncertainties, risks, and missed 
opportunities. They are usually considered as the first barrier 
to energy efficiency [40,2]. Policy measures aimed at the 
development of a clearer picture of the costs, benefits and 
challenges involved in different technologies are considered 
as rapid, relatively low-cost measures [34]. 
Recent EU policy documents [2,1] have stressed the need to 
give the citizens better information. Key actions include an 
improved EU energy-labelling strategy, and better targeted 
education/awareness campaigns. 
The European car labelling system is an example of a policy 
instrument that enables potential car buyers to make an in-
formed choice, since it obliges Member States to ensure that 
information on fuel consumption and CO2 emissions of new 
private cars is available to consumers. 
Government support (fiscal, financial and regulatory) is 
needed for demonstration and pilot projects, through direct 
or indirect actions, including fuel duty rebates and enhanced 
capital allowances [31]. 
The HyLights initiative (http://www.hylights.org) is a re-
cently launched co-ordination action funded by the European 
Commission, set up by European institutes and industry part-
ners to accelerate the commercialisation of hydrogen and fuel 
cells in the field of transport in Europe. HyLights will assist all 
stakeholders in the preparation of the next important phase of 
the transition to hydrogen, through large-scale demonstration 
activities throughout the EU. 
Demonstration activities are essential to achieve a sufficient 
visibility, to gain public acceptance and to create confidence in 
the transition phase of hydrogen as a fuel for vehicles [41]. 
Recent initiatives in this line are the EU funded projects Clean 
Urban Transport for Europe (CUTE) and Ecological City 
TranspOrt System (ECTOS) aimed at testing the feasibility 
of Hydrogen Fuel Cell Powered buses in EU urban public 
transport systems [41]. More information on these projects 
can be found on the website: http://www.fuel-cell-bus-club 
.com. These demonstration projects are helping the build-up 
of infrastructure with different pathways for supplying hydro-
gen, while supporting European-wide co-operation of related 
companies and institutions. 
CIVITAS (http://www.civitas-initiative.org), a major initia-
tive launched in October 2000, aims to support Clean Urban 
Transport actions across Europe. Within the CIVITAS Initia-
tive, the EC supports and evaluates the implementation of 
ambitious integrated sustainable urban transport strategies 
that should make a real difference for the welfare of the Euro-
pean citizen. Within CIVITAS I (2002-2006) there are 19 
cities clustered in four demonstration projects, whilst within 
CIVITAS II (2005-2009) 17 more cities in four demonstra-
tion projects are taking part. CIVITAS includes eight different 
policy measures fields. Each CIVITAS city chooses an appro-
priate set of measures from those building blocks and combines 
them to form integrated solutions for clean urban transport in 
cities. In addition, it puts in place the appropriate planning 
framework, ensures political involvement and support, and 
establishes the necessary partnerships to ensure delivery of 
the plans among which there is one called "Clean fuels and 
vehicles", which includes, among others biodiesel, biogas/ 
CNG, fuelling stations, hybrid vehicles/e-vehicles and LPG. 
Awareness campaigns about climate change issues also 
influence the people's perception about their energy use in 
transport. An example of an awareness campaign funded by 
the European Commission is the 'Sustainable Energy Europe 
2005—2008' Campaign. The goal is to raise public awareness, 
persuading both consumers and key decision-makers of the 
benefits of sustainable energy production and use. It is aimed 
at contributing to achieve the EU's energy policy targets 
within the fields of renewable energy sources, energy effi-
ciency, clean transport and alternative fuels. 
ManagEnergy (http://www.managenergy.net) is an initia-
tive of the European Commission which aims to support the 
work of actors working on energy efficiency and renewable 
energies at the local and regional levels. The main tools are 
workshops and online events. Additionally, information is pro-
vided on case studies, good practice and European legislation. 
This can also help Governments communicate their targets 
and increase the acceptability of policy measures to the public. 
A wider dissemination of the results of energy-efficient Com-
munity programmes is a crucial condition for ensuring that 
technological discoveries are more widely and rapidly used. 
For freight transport, information campaigns for trucking 
companies about available or near-term technologies, and 
the potential benefits of investing in them could also be effec-
tive informational measures. 
4.3.2. Investments in R&D 
The energy R&D funding of the EU and Member States has 
been reduced in the period 1990—2003. This global decline 
was motivated by reductions in nuclear fission, fusion and fos-
sil fuels, while funding for alternative fuels increased by 10% 
and more than doubled for power and storage technologies [3]. 
Improvement of conventional and development of alterna-
tive vehicle technologies has been supported by Community 
funding through the research and technical development 
(RTD) Framework Programmes and the Structural Funds. 
The 7th RTD Framework Programme recognises that there is 
no single solution to our energy problems, and therefore 
suggests a wide portfolio of recommendations: supporting 
renewable energy technologies, making clean coal and carbon 
capture and sequestration an industrial reality, developing eco-
nomically viable biofuels for transports, new energy vectors 
such as hydrogen and environmentally friendly energy usage 
(e.g. fuel cells) and other energy efficiency measures. 
In this context, European technology platforms on biofuels, 
hydrogen and fuel cells, photovoltaics, clean coal and electric-
ity networks [1] are aimed at developing commonly agreed 
research agendas and deployment strategies. However, a sub-
stantial increase in public support in hydrogen and fuel cells 
is still needed for Europe to compete with the US and Japan. 
To be as effective, a strategic research agenda at an EU level, 
guiding Community and national programmes in a concerted 
way is needed to achieve sufficient critical mass and avoid 
unnecessary duplication [31]. 
For this purpose, the European Commission has launched 
initiatives such as the European Hydrogen and Fuel Cell 
Technology Platform (https://www.hfpeurope.org) to become 
a major instrument to coordinate and structure the planning 
for the introduction of hydrogen energy in Europe. The 
main goal of the HFP is to facilitate and accelerate the devel-
opment and deployment of cost-competitive, world-class 
European hydrogen and fuel cell based energy systems and 
component technologies for applications in transport, station-
ary and portable power. The technology platform is instru-
mental in structuring socio-economic and technical research 
on hydrogen and fuel cells at European level, as well as in 
stimulating increased public and private investments in 
research and development. 
Finally, nationally funded R&D has proven its effectiveness 
to speed up innovation and reduce its costs, helping to bring 
small and medium size enterprises (SMEs) into the R&D play-
ing field [23]. 
5. Conclusions 
Regardless of the type of alternative fuel, there are obsta-
cles of a structural nature to its development. Most important 
innovations are developments of reliable technology. One risk 
589 
involved in the implementation of alternative fuels for road 
transport is the acceptance of vehicles implementing new tech-
nology. The investment risks in new technology are also high. 
Manufacturers are unlikely to take such risks unless the regu-
latory framework both enforces and supports the development 
of new engine technologies. The role of policy-makers should 
therefore be that of decreasing uncertainty through suitable 
and timely policy measures, legislation and standards. 
The additional cost involved in applying new technologies 
will gradually go down as their use becomes more widespread. 
But it must be taken into consideration that for road transport, 
differential duty on different types of fuel or taxes based on the 
engine could have a large impact on the future implementation 
of alternative fuels. 
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